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IN TRO DU CTION
P h osp h oru s  n u trition  o f plants is  p a r t icu la r ly  im portan t during the 
e a r ly  s ta ges  o f  grow th . S ince the ro o t  sy stem  o f se ed lin g s  is  lim ited  
in extent, the d eve lop in g  e m b ry o  m ust depend g re a t ly  on seed  r e s e r v e s  
o f  p h osp h oru s. P erh a p s  it is  b eca u se  o f  th is that se e d s  g e n e ra lly  co n ­
tain  m o re  phosph oru s than do oth er plant p a rts . F o x  and A lb re ch t 
(1957) show ed that w heat gra in , e s p e c ia lly  the e m b ry o , is  r ic h  in p h os ­
p h oru s . V a lu es as high as 18, 000 ppm . have been  re p o r te d . If the in ­
te rn a l p h osph oru s supply is  d ep leted  as a re su lt  o f ex te rn a l fa c to r s ,  
g row th  m ay  be re ta rd e d  and the chance o f  su rv iv a l d e c r e a s e d . It is  
even  p o ss ib le  as G e rick e  (1924) show ed, using w heat p lan ts , that 
dam age done by  ph osph oru s stai*vation during the e a r ly  seed lin g  stage 
can not be r e c t if ie d  la ter  by a good  supply .
V isu a l o b se rv a tio n s  m ade during p re v io u s  stu d ies  w ith  se ed lin g s  
se e m e d  to show  that ph osph oru s d e fic ie n c y  d ev e lop ed  in the f ir s t  true 
le a v e s  and even  in  the co ty led on s  o f  d ico ts  grow in g  on p h osph ate- 
d e fic ie n t  H aw aiian s o i ls .  The w o rk  o f  De Datta (1963) re v e a le d  an in ­
te re s t in g  a s p e ct  o f th is p ro b le m . He re p o rte d  that ph osph oru s c o n ce n ­
tra tion  and ph osph oru s y ie ld  in Sudan g r a s s  (Sorghum  vu lgare  v a r . 
su d a n en se ) grow n  e n t ire ly  in  v e rm icu lite  cu lture  w e re  h igh er than in 
p lants grow n  f i r s t  in v e rm icu lite  and then p la ced  in con tact w ith  the 
s o i ls  la ck in g  in  fe r t i l iz e r  p h osp h oru s. The stu d ies  con du cted  by  
E m m e rt  (1949) on the lo s s  o f  p h o sp h o ru s -3 2  by  plant ro o ts  a fte r  fo lia r  
a p p lica tion  su gg est that w hile  r o o t  lo s s  o f  p h o s p h o ru s -32 is  co n s id e re d
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e x c lu s iv e ly  a ro o t  pheliom enon , su ch  lo s s  m a y  indeed  in vo lve  f o r c e s  
re s id in g  outside o f  the ro o t . If the lo s s  o f  ph osph oru s fr o m  plants is  
re la te d  to the phosphate status o f  the m ed iu m , it  is  a p p rop ria te  to 
in vestiga te  the re la tion sh ip  betw een  phosph oru s fix a tion  by  the s o i l  and 
lo s s  o f  p h osph oru s fr o m  the plant.
It w as d em on stra ted  that the fu ll ph osph oru s req u ire m e n ts  o f  som e 
plants cduld be sa t is fie d  during the f ir s t  fo u r  w eek s  o f grow th  
(G e r ic k e , 1924). The am ount o f  ph osph oru s ava ilab le  in the s o i l  stJlu- ' 
t ion  fo r  plant a b so rp tio n  is  u su a lly  v e r y  s m a ll, B u rd  and M artin  (1923), 
and P ie r r e  and P a rk e r  (1927) show ed that con cen tra tion s  o f  phosph oru s 
in s o i l  so lu tion  o r  w a te r  e x tra c ts  o f s o i l  a re  o f  the sam e o r d e r  o f  m a g ­
nitude and o r d in a r ily  m u ch  le s s  than 1 ppm . In som e  c a s e s ,  p h os­
ph oru s fe r t i l iz a t io n  o f  d e fic ie n t  s o ils  has not e f fe c t iv e ly  p rov id ed  fo r  
plant ph osph oru s n e e d s . And m any in v e s tig a to rs  attribute this low  
fe r t i l iz e r  phosphate r e c o v e r y  to the fix a tion  o r  im m o b iliza tio n  of. 
ph osph oru s in the s o i l .  T h us, a c c o r d in g  to G ilb ert  (1948), in o r d e r  to 
obta in  optim um  y ie ld s  o f m o s t  c r o p s , a m u ch  la r g e r  am ount o f p h o s ­
phorus f e r t i l iz e r  m u st be app lied  than what is  a ctu a lly  n eeded  by  the 
c r o p  b eca u se  som e  o f  the ph osph oru s b e c o m e s  im m o b iliz e d  in the s o il  
and is  not im m e d ia te ly  a v a ilab le  fo r  a b so rp tio n .
L ow  fe r t i l iz e r  phosphate r e c o v e r y  by c r o p s  is  a s e r io u s  p ro b le m  
in  m any H aw aiian s o i ls .  It w as show n b y  Chu and S herm an (1952) that 
as m u ch  as  90% o f  added so lu b le  phosphate is  fix e d  in the p re se n ce  of 
ir o n  and alum inum  ox id e s  betw een  pH 3. 0 and pH 4 , 0. F o x  et a l.
(1962) studied  phosphate fix a tio n  by  seven  H aw aiian s o i ls ,  r e p r e ­
senting s ix  grea t s o il  g ro u p s . A c c o r d in g  to them , the o r d e r  o f  fixa tion
2
is  as fo llo w s : A m orp h ou s hydrated  o x id e s >  goeth ite -  g ib b s ite >  
k aolin ite  o r  1 : 1 c la y s >  m on tm o rillo n ite  o r  2 ; 1 c la y s . S ince the 
seed lin g  stage is  c r i t ic a l  in the d eve lop m en t o f a plant and s in ce  
o b se rv a tio n  has in d ica ted  that phosph oru s d e fic ie n c y  m a y  d eve lop  
co n cu rre n tly  w ith  germ in a tion , a study o f  som e fa c to r s  in fluencing  
p h osph oru s n utrition  o f se e d lin g s  w as co n s id e re d  v e r y  w orth w h ile .
The ob jectives  of the studies conducted and reported  in this paper 
are as fo llow s:
1. to d eterm in e  p o ss ib le  lo s s  o f  phosph oru s fr o m  seed lin g  roo ts  
in re la tio n  to ph osph oru s status in s o i ls ,  and
2. to d eterm in e  uptake o f  ap p lied  f e r t i l iz e r  ph osph oru s as in ­
flu en ced  by  t im e , ra te s , m ethods o f  a p p lica tion , and phosphate 
fix a tion  in s o i ls .
3
M ovem en t o f phosphate Ion.
The m ovem en t o f phosphate ion  in  the plant is  ra th er  rap id . U sing 
a ra d io a ctiv e  p h osph oru s as an in d ica to r , A rn on  et a l. (1940) o b se rv e d  
that a fte r  40 m in u tes , n e w ly -a b s o rb e d  p h osph oru s w as d e tected  in the 
le a v e s  and tips o f  tom ato  plants o v e r  6 fe e t  ta ll. The m ovem en t o f 
p h osp h oru s fr o m  plant ro o ts  to a m ed iu m  had been  studied  b y  s e v e r a l  
In v e s tig a to rs . B re w e r  (1940) o b s e rv e d  that the p h osph oru s content o f 
co rn  le a f se ed lin g s  d e c re a s e d  on ly  s lig h tly  w ith  tim e and the p h osph o­
ru s  co n cen tra tion  o f  the m ed iu m  in cre a s e d  s lo w ly  through  the lo s s  o f 
p h osp h oru s f r o m  the ro o ts  and lo w e r  p o rtio n  o f  the sta lk . A c co rd in g  
to F e d o r o v s k ii  (1958), p h osph oru s lo s s  fr o m  c o r n  w as 4 to 25%  o f the 
o r ig in a l plant p h osp h oru s. The w o rk  o f Jenny ^  a l, (1939) show ed that 
intake o f  ion s  in plant w as not a u n i-d ir e c t io n a l p r o c e s s ;  ion s  o f  som e 
s p e c ie s  m ight m ove  into the ro o t  and out o f  the ro o t  at the sam e t im e . 
The outgo w as e s p e c ia l ly  pron ou n ced  w hen the r o o ts  w e re  in con tact 
w ith  the c o llo id a l  s y s te m . The s ig n ifica n ce  o f th is phenom enon  as 
poin ted  out b y  E m m e rt  (1949) w as that lo s s  o f ions by  r o o ts  m ight p lay 
an Im portant ro le  in the o v e r a ll  nutrient e co n o m y  o f the plant s in ce  
su ch  lo s s  w as o f sturh co n s id e ra b le  m agnitude as to be d e tected  ch e m i­
c a l l y  in  plant grow th  m ed iu m  and to cau se  s ig n ifica n t red u ction  in the 
nutrien t content o f  plant top s .
The m ovem en t o f  phosphate ion  in the s o i l  is  v e r y  s low . S e ll and 
O lson  (1947) re p o rte d  that there w as no d etecta b le  m ovem en t b e low  1 
in ch  in a sandy loa m  s o i l  during a p e r io d  o f  3 y e a rs  w hen 80 pounds 
P20g as  superphosphate  w as ap p lied  as top  d re ss in g . T h is  in d ica tes
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F a c to r s  a ffe ctin g  e ffe c t iv e  ph osph oru s fe r t i l iz a t io n .
T h ere  a re  fou r  im portan t fa c to r s  w h ich  g re a t ly  in flu en ce  the e f f e c ­
t iv e n e ss  o f  ph osph oru s fe r t il iz a t io n . A c c o r d in g  to S tan ford  and P ie r r e  
(1953), the fa c to r s  o f  t im e , ra te , fre q u e n cy  and m eth od  o f  a p p lica tion  
a ll in flu en ce  p h osph oru s a v a ila b ility  in s o i ls  la r g e ly  by  a ffe c t in g  the 
d e g re e  and rate o f  fix a tion  o f  ap p lied  p h o sp h o ru s . T hey poin t out that 
th ese  fa c to r s  a re  c lo s e ly  re la te d  in p r a c t ic e  so  that it is  o ften  d ifficu lt  
to evaluate th e ir  sep a ra te  e f fe c ts j  b e s id e s , th ere  is  the p o s s ib i l i t y  o f  
one o f these fa c to r s  g re a t ly  a ffe c t in g  the im p o rta n ce  o f  a n oth er .
Uptake re la tion sh ip  o f f e r t i l i z e r  p h osp h oru s  (P^^) and p h osp h oru s 
iso to p e  (P^^ and p 3 2 ) txi f e r t i l i z e r .
31It has b een  show n by  so m e  w o r k e r s  that stab le  p h osp h oru s  (P  ) 
and ra d ioa ctiv e  ph osph oru s (P^^) a re  a b s o rb e d  b y  the plant in  the 
sa m e m agnitude and that th ese  tw o Iso to p e s  p e r fo r m  the sam e fu n c­
tion  in the p lan ts . The d iffe re n ce  betw een  the tw o is  th e ir  a to m ic  
w e ig h ts . A c c o r d in g  to B ou lden  and B la ck  (i960 ) and M attin g ly  and 
T a llbu den  (1961), the high se n s it iv ity  o f  an Isotop e  is  a m a jo r  advan ­
tage w hen used  to eva luate f e r t i l iz e r  uptake by  p lan ts . It p r o v id e s  a 
m ea n s  o f  d e tectin g  d if fe r e n c e s  in  nu trien t a v a ila b ility  under co n d i­
tion s  w hen nutrient uptake is  too  low  to be  es tim a te d  by  c h e m ic a l 
m eth od s .
P h osp h oru s  fix a tion  and a v a ila b ility
M uch w o rk  has been  done on p h osp h oru s  fix a tio n  in s o i ls .  F o r  
the p u rp ose  o f  this p ap er , it is s u ffic ie n t  to d efin e f ix a tio n  as
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the importance of applying phosphate fe rtilizer  so that plant roots w ill
intercept fertilized  so il at the appropriate time to supply plant phos­
phorus need.
in te rp re te d  by  D ean and K a rd os . Dean (1949) defin ed  fix ed  phosph oru s 
a s  s o i l  p h osph oru s w h ich  has b e co m e  attached  to the so lid  phase o f  
s o i ls .  K a rd os  (1955) in terp re ted  the fix a tion  phenom enon as the p r o ­
c e s s e s  w h e re b y  re a d ily  so lu b le  plant nutrients a re  changed to le s s  
so lu b le  fo r m s  by  rea ctio n  w ith in org a n ic  com ponents i f  s o i ls  w ith  the 
r e s u lt  that the nu trien ts  b e co m e  r e s t r ic te d  in th e ir  m o b ility  in the s o i l  
and su ffe r  a d e c r e a s e  in  th e ir  a v a ila b ility  to p lants.
M ech a n ism  o f  ph osph oru s fixa tion  and fa c to r s  a ffe ctin g  it.
A c c o r d in g  to R u s s e ll  (1961), there  are  on ly  two im portan t m e ch a ­
n ism s  b y  w h ich  s o i ls  f ix  phosphate in the f ie ld , n am ely , those in ­
vo lv in g  iro n  and alum inum  io n s . T h ere  is  a p o s s ib ility  o f  a th ird  
p r o c e s s ,  that o f  phosphate be in g  held  on the ed g es  o f  the c la y  p a r ­
t ic le s  through  h yd rogen  bonding betw een  the h y d ro x y ls  in the b rok en  
e d g e s .
S e v e ra l In v estig a tors  have in vestiga ted  the co u rse  and extent o f 
r e a c t io n s  by  w h ich  added so lu b le  phosph ates fix ed  in the s o ils  m a y  be 
in flu en ced  by d iffe re n t fa c to r s .  Som e o f the fa c to r s  a re :
1. C on cen tration  o f  phosphate ion s  in s o i l  so lu tion . F ix a tion  is
a fu n ction  o f the con cen tra tion  in the so lu tion  at e q u ilib r iu m  (H ibbard, 
1935).
2. T im e o f  re a c t io n . Som e o f the s u r fa ce  re a c t io n s  (a d so rp tio n  
in the ion  a tm o sp h e re , cou n ter ion  a d sorp tion , and p o ss ib le  exch a n ges  
o f  som e  types o f su r fa ce  h y d ro x ls )  a re  co m p le te d  q u ick ly  and the rate 
o f  re a c t io n  d e c r e a s e s  ra p id ly  (K u rtz , 1953),
3. T e m p e ra tu re . The rate o f  a b so rp tio n  is  In cre a se d  by  In­
c r e a s e d  tem p era tu re , but it is  b e lie v e d  that the nature o f the re a c t io n  
is  unchanged (L o w  and B la ck , 1950).
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4. R e a ctio n  (pH) o f  the so lu tion . M axim um  a d so rp tio n  is  at low  
pH le v e ls  3. 0 to pH 4. 0 (K u rtz , 1953).
5. Type o f  m in e ra l. K aolin ite  has a la rg e  ca p a city  to take up 
phosphate b eca u se  o f an exchange o f phosphate w ith  the la y e rs  o f 
h y d ro x y l ion s  on the su r fa ce  o f the m in e ra l (Stout, 1939).
6. P a r t ic le  s iz e . Phosphate a d so rp tio n  in c r e a s e s  w ith  d e cre a s in g  
p a r t ic le  s iz e  and fin e r  c la y  fr a c t io n  has a p p re c ia b ly  g re a te r  an ion - 
a d so rp tio n  ca p a c it ie s  than c o a r s e r  fra c t io n s  (C olm an , 1944).
7. E xch an geab le  ca tio n s . E ven  at pH le v e ls  b e low  n eu tra lity , 
w h ere  ca lc iu m  p r e c ip ita t io n  w ou ld  not be ex p e cte d , ca lc iu m  c la y s  
re ta in  m o r e  phosphate than do sod iu m , am m on iu m , or  p ota ss iu m  
c la y s  (H eck , 1934).
8. E ffe c t  o f  s a lts . In g e n e ra l, phosphate a d sorp tion  in c r e a s e s  
in the p r e s e n c e  o f  e le c t r o ly te s  in the so lu tion  (K u rtz et a l . , 1946).
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M A T E R IA L  AND M ETHODS
S o ils  (m ed ia ) s tu d ie d .
Tw o su r fa ce  s o i ls ,  ea ch  rep re se n tin g  a g re a t  s o i l  g rou p , w e re  used  
in th is study. T h e ir  ch e m ica l c h a r a c te r is t ic s  a re  show n in T able I.
L u a lu a le i s o i l . The L u a lu a le i s o i l  s e r ie s  b e lon g s  to the D ark  M ag­
n es iu m  C lay grea t s o i l  grou p , r e se m b lin g  the "R e g u r "  o r  "B la c k  
C otton  S o ils "  o f  India and the "B la c k  E a rth s "  o f A u stra lia  in th e ir  
p h y s ica l and ch e m ica l c h a r a c te r is t ic s  (De D atta, 1963). S o ils  o f  this 
s e r ie s  a re  d e r iv e d  fr o m  a llu v ia l parent m a te r ia l and are  found at an 
e le v a tio n  o f le s s  than 250 fee t  in an a rea  w h ich  r e c e iv e  an annual ra in ­
fa ll  o f  15 to 25 in ch e s . The dom inant c la y  m in e ra ls  a re  m o n tm o r illo r  
nite (2:1 c la y s ) . A  rep re se n ta tiv e  sam ple  o f  this s o i l  w as c o lle c te d  fo r  
th is study fr o m  the L u a lu a le i V a lley  in the W aianae a re a  o f  the is lan d  
o f  Oahu.
Kapaa s o i l .  The s o i l  fr o m  the Kapaa s e r ie s  is  v e ry  d eep , w ith  a 
w e ll  d ra in ed  A lu m in ous F e rru g in o u s  L a to s o l d ev e lop ed  in s a p ro lit ic  
fe rru g in o u s  baxxxite found on the g en tly d o jjin g  uplands o f  the is lan d  o f 
K auai. The e lev a tion  o f  the s o i l  a re a  is betw een  200 and 1000 fe e t , 
w ith  an a v era g e  annual ra in fa ll o f 60 to 100 in ch es .
The m agnitude o f  phosphate fixa tion  in  L u a lu a le i and Kapaa s o ils  
as a ffe c te d  by phosphate con cen tra tion  and v a r io u s  tim e o f phosphate 
so lu tion  -  s o i l  con tact w e re  stu died  by Y ap ten co  et a l. (1963). T hey 
show ed  that a fte r  12 days o f  phoshate so lu tion  -  s o i l  con tact, L u a­
lu a le i s o i l  f ix ed  96% and 46%  w h ile  K apaa s o il  f ix ed  a lm o s t  100% and 
93% o f  the phosphate added at 5 ppm . and 500 p p m ., r e s p e c t iv e ly  
(T a b le  II).
T able I. C h em ica l c h a r a c te r is t ic s  o f  two H awaiian s o ils
belon g in g  to two grea t s o ils  grou ps (De D atta, 1963)
P r o p e r t y  M easu red
S oil S e r ie s
L u a lu a le i Kapaa
pH (H 2O) 7 .8 4 .8
pH (K C l) 6 .9 4 .4
P h osp h oru s in w ater e x tra c t  (ppm . ) 3 .8 2 0. 02
H^SO^ - e x tra cta b le  s o i l  P  (p p m .)* 9 6 6 .2 3 .7
E x tra cta b le  (B aC l^ ) alum inum 0. 01 3. 28
(m . e ./lO O g . s o il )*
E x tra cta b le  (N H ^ 0 A c-B aC l2 ) alum inum 0, 07 1 0 .4 0
(m .e . / lO O g , s o il )*
A lum inum  in w ater e x tra c t  (ppm . ) 0. 09 0, 06
C ation  exchange ca p a city 42 29
(m . e ./lO O g , s o il)
♦V alues are  e x p r e s s e d  on o v e n -d r y  s o il  b a s is
The p o ss ib le  lo s s  o f  p h osph oru s fr o m  seed lin g  r o o ts  w as  studied  
u sin g  fo u r  plant s p e c ie s  and th ree  plant grow th  m ed ia . Tw o m eth od s 
o f  a p p roa ch  w e r e  adopted  fo r  th is phase o f  the study.
E x p e r im e n ta l d esig n . A  2 by  3 (plants and m e d ia , r e s p e c t iv e ly )  
fa c to r ia l  e x p e r im e n t in  ra n d om ized  b lo ck  d es ig n  w as adop ted . The 
trea tm en ts  w e re  re p lica te d  3 t im e s  and con du cted  in two s e ts ; one w as 
a ss ig n e d  fo r  h a rv estin g  7 days a fte r  se e d in g , and the oth er 16 days 
a fte r  se e d in g .
G reen h ou se  p r o c e d u r e s . Tw o green h ou se  tech n iqu es  w e re  
em p lo y e d .
a . D ir e c t  se e d in g . U sing 12-ounce ca p a c ity , round, w axed  ca rton  
co n ta in e rs , 2 00 gm . sam ple  o f  p re v io u s ly  p re p a re d  a ir -d r ie d  L u a lu a - 
le i  and K apaa s o i ls  and 25 0 gm . w ash ed  qu a rtz  sand w e re  potted . Into 
th ese  m e d ia , the in d ica to r  p lan ts , soybean  (G lycin e  m a x ) and a lfa lfa  
(M e d ica g o  sa tiv a ), w e re  d ir e c t ly  seed ed  at the rate o f 12 and 150 se e d s  
p e r  con ta in er , r e s p e c t iv e ly . B lanket a p p lica tion  o f  nutrient so lu tion  
(80 p p m . n itrog en  and 225 ppm . p o ta ss iu m  as p o ta ss iu m  n itra te , s o i l  
b a s is )  w as added to a ll  p o ts . M o istu re  w a s  a ls o  ap p lied  u n ifo rm ly  in 
a ll  tre a tm en ts . Upon germ in a tion , the soyb ea n  plants w e re  thinned to 
10 p e r  pot w h ile  the a lfa lfa  p lants w e re  thinned to 130 p e r  pot. The 
p lants w e re  sa m p led  fr o m  one se t  o f trea tm en ts  at the age o f  7 days 
and fr o m  an oth er se t  at the age o f  16 d a ys , sep a ra tin g  the to p s , co ty ­
le d o n s , and r o o ts .
b . R oot p a d -s o i l  co n ta ct. The m eth od  em p lo y e d  w as adopted  
f r o m  the techn ique d e s c r ib e d  b y  Stanford  and De M ent (1953) w h ich
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Experim ent I. The loss of phosphorus from  seedling roots in relation
to phosphate fixation in doils.
co n s is te d  o f p rep a rin g  round w axed  ca rton s  (12-ounce ca p a city ) w ith  
b o tto m s  re m o v e d  and n ested  in id en tica l con ta in ers  w ith  bottom  in ­
ta ct . The con ta in ers  w ere  f i l le d  w ith 7 00 gm . o f  w ash ed  qu a rtz  sand.
The test  p lants , w h ich  co n s is te d  o f c o rn  (Z e a  m a y s ) and Sudan g ra ss  
(S orghum  vu lgare  v a r . su d an en se), w e re  then se ed ed  in the m ed iu m  
at the rate o f  8 se e d s  p e r  pot and 30 se e d s  p e r  pot, r e s p e c t iv e ly .
Tw o w eek s  a fte r  p lanting, the co rn  plants w e re  thinned to 5 plants p er 
pot w h ile  the Sudan g r a s s  plants w e re  thinned to 20 plants p er  pot. 
M o istu re  and nutrient so lu tion  oth er  than p h osph oru s w e re  supplied  
u n ifo rm ly  to a ll  p o ts . F r o m  the secon d  to the th ird  w eek  p e r io d , a 
th ick  dense ro o t  pads fo rm e d  at the bottom  o f the con ta in er . D uring 
th is t im e , p lants^also began  to show  sym p tom s o f  p h osph oru s d e fi ­
c ie n c y .
A t the end o f  3 w e e k s , the sand ca rton  contain ing plants w ere  then 
n ested  in a secon d  set o f  ca rton s  o f the sam e s ize  w h ich  con ta ined  4 0 0 - 
g ra m  sa m p les  o f  e ith e r  Kapaa o r  L u a lu a le i s o i l  so  that r o o t  pads w ere  
in con ta ct w ith  the s o i l .  One set o f  the sand ca rton  contain ing plants 
w as a ls o  n ested  in a secon d  set o f  ca rton s  w h ich  con ta ined  2 5 0 -g ra m  
sand. The plants w e re  kept in con tact w ith  the s o ils  fo r  5 days a fter  
w h ich  the plants w e re  h a rv e s te d , sep a ra tin g  the top s  fr o m  the r o o ts .
P re p a ra t io n  o f  plant s a m p le s . A ll  the h a rv e ste d  plant sam p les  
w e re  d r ie d  in the oven  at 80 °C  and w e igh ed . The plant sa m p les  w ere  
then ground in a W ile y  M ill ,  e x ce p t  fo r  the a lfa lfa  sa m p les  w h ich  w ere  
re la t iv e ly  s m a ll and w e re  p r o c e s s e d  in tact.
C h em ica l a n a ly se s . A ll  o f  the a lfa lfa  plant sa m p les  and 150 m g , 
o f  e a ch  o f  the oth er plant m a te r ia ls  w ere  ign ited  w ith  a lc o h o lic  m a g n e ­
sium  n itrate  in  s i l ic a  c r u c ib le s  and ashed  fo r  12 to 14 h ou rs  in a 
m u ffle  fu rn ace  at 6 0 0 °C . The plant ash  sa m p le s  w e re  d is s o lv e d  in 10 m l.
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o f  IN H Cl, and to ta l p h osph oru s w as d e term in ed  c o lo r im e t r lc a l ly  as 
m o ly b d lv a n a d o sp h o sp h o r lc  a c id  as d e s c r ib e d  by K itson  and M ellon  
(1944).
E x p e r im e n t II. The uptake o f app lied  fe r t i l iz e r  ph osph oru s as 
in flu en ced  by  t im e , r a te s , m eth od s o f a p p lica tion , and phosphate 
fix a tio n  in  s o i l s .
The In fluence o f  t im e , ra tes  and m eth od s o f  phosph oru s f e r t i l iz a ­
tion  and phosphate fixa tion  in two s o ils  on the uptake o f  f e r t i l iz e r  
p h osph oru s by  see d lin g s  w as stu died .
E x p e r im e n ta l d e s ig n . A  3 by  2 by 3 (ra te s , m e th od s , and tim e of 
grow th , r e s p e c t iv e ly )  fa c to r ia l  in ra n d om ized  b lo c k  d esig n  w as adopted 
in  the study o f th is p ro b le m . The trea tm en ts  w e re  re p lica te d  3 t im e s .
G reen h ou se  p r o c e d u r e s . 1300 gm . o f the a ir -d r ie d  sa m p les  o f 
L u a lu a le l and K apaa s o ils  w ere  potted  in 4 6 -o u n ce  ca p a city  ta ll  m eta l 
ju ic e  cans lin ed  w ith  p o lyeth y len e  b a g s . T h is  am ount o f  s o i l  m ade up 
a vo lu m e o f about 1 in ch  fr o m  the top  w hen conta ined  In the m e ta l can s.
C orn  (Z e a  m a y s ) w as used  as the in d ica to r  p lant. C orn  se e d s  
w ere  soaked  f o r  12 h ou rs  p r io r  to seed in g  In pots at the rate o f  15 se e d s  
p er  pot. Upon germ in a tion , p lants w ere  thinned to 12 p e r  pot.
Tw o p h osph oru s so lu tion s  w e re  p re p a re d  fr o m  stan d ard ized  s to ck  
p h o sp h o r ic  a c id . The fin a l so lu tion  w as then tagged  w ith  The
la b e led  p h osph oru s so lu tion s  w e re  p re p a re d  in su ch  a w ay that a 
25 m l. sam ple  ap p lied  p er  pot gave e ith er  25 pp m . P  o r  300 pp m , P  
on a s o i l  b a s is . T h ese  ra tes  w e re  a p p ro x im a te ly  50 pounds p er 
a c r e  and 600 pounds p e r  a c r e ,  r e s p e c t iv e ly .
T w o m eth od s w e re  u sed  fo r  applying the p h osph oru s so lu tion  in 
the potted  s o i ls .  B y one m eth od , the phosphate so lu tion  w as
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th orou gh ly  m ix e d  w ith  the s o i l  m a te r ia l in  a s h e ll  b le n d e r . The secon d  
m eth od  w as done a s  fo llo w s : A fte r  the p r o p e r  am ount o f  s o i l  w as 
added to ea ch  pot, two a liqu ots  o f  s o i l ,  150 m l. and 250 m l. w e re  
re m o v e d  fr o m  e a ch  pot. The s o i l  s u r fa ce  in  the pot w as then le v e le d . 
The phosphate so lu tion  w as m ix e d  w ith  the 150 m l. a liqu ot and the m ix ­
ture w as p la ced  b a ck  as  a u n ifo rm  la y er  in the pot. The co rn  se e d s  
w e re  p la ced  on  the s u r fa ce  o f  the phosphate fe r t i l iz e d  la y e r . F in ally , 
the se co n d  250 m l. a liq u ot o f  s o i l  w as  u sed  to c o v e r  the s e e d s . The 
m in im u m  depth o f  the phosphate f e r t i l iz e r  la y e r  w as  about 1 in ch  
fr o m  the s o i l  s u r fa c e ,
A  b lan ket a p p lica tion  o f  nutrien t so lu tion  (80 ppm , n itro g e n  and 
225 ppm , p o ta ss iu m  a s  p o ta ss iu m  n itra te , s o i l  b a s is )  w as ap p lied  to 
a ll  p o ts . M o istu re  w as  co n tro lle d  in a ll  pots throughout the e x p e r i ­
m en t b y  p e r io d ic  w eigh in g  o f  w a ter  into the p o ts .
C h em ica l and r a d io -c h e m ic a l  a n a ly s e s . T w o hundred m g , o f 
p lant m a te r ia l w a s  Ignited w ith  a lc o h o lic  m a gn esiu m  n itra te  in s i l ic a  
c r u c ib le s  and ash ed  f o r  12 to 14 h ou rs  in the m u ffle  fu rn a ce  at 600 °C . 
The plant ash  w as  taken up w ith  10 m l. o f  IN H C l. T ota l p h osph oru s 
w as d e term in ed  c o lo r im e t r ic a l ly  a s  m o ly d iv a n a d o p h o sp h o ric  a c id  as 
d e s c r ib e d  by  K itson  and M ellon  (1944), P lant p h osp h oru s d e r iv e d  fr o m  
f e r t i l i z e r  w as d e term in ed  by end w indow /S  counting o f  a liqu ots  o f  e v a ­
p ora ted  plant d ig e s t .
C a lcu la tion s . F r o m  in form a tion  on to ta l p h osp h oru s ( c o lo r i ­
m e t r ic  m eth od ) and ra d io a c t iv ity  o f the plant m a te r ia l, the P  d e r iv e d  
f r o m  fe r t i l iz e r  and fr a c t io n  o f  plant p h osph oru s d e r iv e d  f r o m  fe r t i ­
l i z e r  w e re  ca lcu la te d  as fo llo w s :
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CPM  o f unknown plant d ig est
(c o r r e c t e d  fo r  back grou n d ) ^  P  in standard  so lu tion  ^  D ilu tion  
CPM  o f standard so lu tion  (ppm* ) fa c to r
(c o r r e c t e d  fo r  back grou n d )
= F e r t i l iz e r  phosph oru s in the plant (p p m .)
2. F e r t i l iz e r  ph osph oru s in plant (p p m .)  X  d ry  m a tter  y ie ld /p o t  
(gm . ) =  F e r t i l iz e r  phosph oru s y ie ld /p o t  (m cg m . )
3. F ra c t io n  o f plant P  d e r iv e d  fr o m  fe r t i l i z e r s :
F e r t i l iz e r  P  in plant 
T o ta l P  in plant
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RE SU LTS AND DISCUSSION
E x p e rim e n t I. The lo s s  o f  p h osph oru s fr o m  seed lin g  r o o ts  in 
re la t io n  to phosphate fix a tion  in  s o i ls .
Tw o tech n iqu es , d ir e c t  seed in g  and r o o t  p a d -s o i l  con ta ct, w e re  
e m p lo y e d  to In vestigate  p o s s ib le  lo s s e s  o f  ph osph oru s fr o m  seed lin g  
r o o ts  in  re la t io n  to phosphate fix a tio n  in L u a lu a le i and K apaa s o i ls .  
S eed lin gs  w h ich  had been  grow n  fr o m  the beginn ing in s o i l  (d ir e c t  
seed in g ) w e re  h a rv e ste d  7 o r  16 days a fte r  p lanting. A lfa lfa  and s o y ­
bean s w e re  u sed  as  in d ica to r  p lan ts . P h osp h oru s  con ten ts  o f  to p s , 
r o o ts  and co ty le d o n s  w e re  d e term in ed  s e p a ra te ly . W hen ro o t  p a d - 
s o i l  con tact techn ique w as  u se d , p lants w e re  h a rv e ste d  a fte r  5 days o f 
r o o t - s o i l  con ta ct. Sudan g r a s s  and c o r n  w e re  u sed  as in d ica to r  plants. 
P h osp h oru s  con tents o f  top s  and r o o ts  w e re  d e term in ed  se p a ra te ly .
D ir e c t  S eed ing E x p e r im e n t. Y ie ld s  o f  a lfa lfa  r o o t s ,  top s  and 
cotyledoJTS h a rv e ste d  7 days a fte r  planting w e re  g re a te s t  in L u a lu a le i 
s o i l ,  in term ed ia te  in  sand and lo w e st  in K apaa s o i l ,  as show n in  F ig ­
u re  1. O f the th ree  p lant p a r ts , the b ig g e s t  d if fe r e n c e s  am ong y ie ld s  
o f  a lfa lfa  grow n  bn the th ree  m e d ia  w e re  the d if fe r e n c e s  am ong the 
r o o t s .  T h ese  d if fe r e n c e s  w e re  p a r t icu la r ly  ev id en t a fte r  16 days o f  
g row th  (T ab le  3 ), The data su g g est that w ith  t im e , the ro o t  o f  a lfa lfa  
is  m o s t  d r a s t ic a lly  in flu en ced  b y  the p h osp h oru s status o f  the m ed iu m .
R oot o f  soyb ea n  s e e d lin g s , h o w e v e r , resp on d ed  d iffe re n tly  in  the 
se n se  that re la tiv e  d if fe r e n c e s  am ong y ie ld s  o f  r o o ts  grow n  in the 
th re e  m e d ia  b e ca m e  s m a lle r  w ith  t im e . T h ere  w as not m u ch  d i f fe r ­
e n ce  b e tw e e n  the grow th  o f  soyb ea n  ro o ts  in  K apaa s o i l  and sand 16 
days a fte r  p lanting (F ig u re  2 ).
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F ig u re  1. C om p arative  y ie ld  o f  r o o t s ,  to p s , and co ty le d o n s  o f  
a lfa lfa  se e d lin g s  h a rv e ste d  7 day# and 16 days a fte r  
d ir e c t  s e e d in g .
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Table III. Yields (m g ,/p o t ) of alfalfa and soybean seedlings
7 days and 16 days after direct seeding 1 /
S o il 7 (|p.ys a fter  seed in g 16 days a fte r  seed in g
S e r ie s R oot T op C oty­
ledon
W hole
P lant
R oot T op Coty^*''
le d o n
W hole
P lant
A lfa lfa y
L u a lu a le i 25 46 88 159 90 113 81 284
K apaa 10 23 77 111 25 75 82 182
Sand 14 33 85 134 76 107 79 262
(no s o il)
Soybean
L u a lu a le i 256 334 1390 1980 535 1252 704 2491
K apaa 172 158 1440 1770 459 635 937 2031
Sand 203 184 1602 1989 467 515 817 1799
(no s o i l )
1 / M ean o f  3 re p lica tio n s
TJ A lthough plants w e re  thinned to u n iform  popu lation  soon  a fter  
germ in a tio n , the n u m ber o f  plants p e r  pot v a r ie d  f r o m  98 to 
112 at h a rv e st  t im e . T h e r e fo r e ,  y ie ld s  w e re  ad ju sted  to 100 
plants p e r  pot.
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Figure 2. Comparative yields of roots, tops, and cotyledons of
soybean seedlings harvested 7 days and 16 days after
d irect seeding.
T h is m a y  in d ica te  that the con cen tra tion  o f  a lum inum  in K apaa s o i l  
w as  not to x ic  to  the soyb ea n  r o o t .
R oo t and top y ie ld s  o f  a lfa lfa , h a rv e ste d  16 days a fte r  planting, 
gave s im ila r  tren d s  as those o f  the 7 -d a y  h a r v e s t . In te r m s  o f  w hole 
p lant y ie ld s , re la tiv e  d if fe r e n c e s  betw een  plants grow n  in Kapaa s o i l  
and sand sta yed  about the sam e w ith  t im e .
Soybeans behaved  v e r y  d iffe re n t ly  f r o m  a lfa lfa . W h erea s  y ie ld s  
o f  p lants grow n  on sand and L u a lu a le i s o i l  w e r e  a lm o s t  id e n tica l, the 
y ie ld s  in  K apaa s o i l  w e re  g r e a te r  than th ose  grow n  in sand , 16 days 
a fte r  planting (T ab le  3 ),
The d if fe r e n c e s  in re sp o n se  betw een  a lfa lfa  and soyb ea n  se e d lin g s  
m a y  be re la te d  to  d iffe re n t ia l a ccu m u la tion  o f  a lum inu m . A lfa lfa  
p lants m a y  have accxim ulated  m u ch  g r e a te r  am ounts o f  a lum inum  than 
soy b e a n  p lan ts . It Is a ls o  p o s s ib le  that w hat little  am ount w a s  taken 
up b y  the soyb ea n  p lants w as b e n e fic ia l .
P h osp h oru s  con ce n tra tio n s  and ph osph oru s y ie ld s  o f  a lfa lfa  r o o ts  
w e re  co n s is te n tly  g re a te s t  in  p lants grow n  on K apaa s o i l ,  in term ed ia te  
in  sand and lo w e st  in  L u a lu a le i s o i l .  T h is  w as tru e 7 days and 16 days 
a fte r  p lanting (T a b le s  IV and V ) and su g g ests  that p h osph oru s a ccu m u ­
la tion  in the ro o ts  is  a s s o c ia te d  w ith  the a lum inu m  a n d /o r  iro n  status 
o f  the ro o tin g  m ed iu m . H o w e v e r , o th er fa c to r s  a re  p ro b a b ly  in v o lved . 
P e rh a p s  one v e r y  im p ortan t fa c to r  is  the p h osph oru s re q u ire m e n t o f  
the true le a v e s . T op  grow th  o f  a lfa lfa  w as  le a s t  w hen p lants grew  on 
K apaa s o i l ,  7 days a fte r  planting (F ig u re  1). Y et on the w hole  plant 
b a s is ,  m a te r ia l o f  the 7 -d a y  h a rv e s t  con ta ined  a h ig h er  co n cen tra tion  
o f  p h osp h oru s than s im ila r  p lant m a te r ia l p ro d u ce d  on L u a lu a le i s o i l  
and sand .
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Table IV. Phosphorus concentration (p pm .) of alfalfa and soybean
seedlings 7 days and 16 days after direct seeding, J;/
S o il 7 days a fte r  seed in g 16 days afte r seed in g
S e r ie s R oot T op C oty­
led on
W hole-'^
P lant
R oot T op C oty ­
ledon
W hole
P lant
A lfa lfa
L u a lu a le i 11600 10800 7940 9250 2750 6190 4880 4720
K apaa 44200 11900 11600 14810 24450 4910 5470 7810
Sand 19810 15000 8260 11530 6520 6000 5090 5880
(no s o i l )
Soybean
L u a lu a le i 7050 8420 8770 8490 6350 6140 9360 7100
K apaa 8690 7500 8020 8040 , 7030 6840 7690 7400
Sand 7170 8350 8390 8250 6670  ^ 7350 7530 7260
(no s o il )
M ean o f  3 r e p lica tio n s
2 /  P h osp h oru s  co n ce n tra tio n  o f  w hole  p lant p p m , =
T ota l P  y ie ld  o f  ro o ts »  to p s , and co ty le d o n s  ( m c g m . /p o t ) 
T o ta l d ry  m a tte r  y ie ld  o f  r o o t s ,  t o p s , and co ty le d o n s  (g m /p o ^
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Table V . Phosphorus yield (m g ,/p o t) of alfalfa and soybean
seedUngs 7 days and 16 days after seeding^J/
' V b a y s  a fte r  seed in g
S o il R o o t  Top  C o ty - W hole
S e r ie s  led on  P lant
16 D ays a fte r  seed in g  
R oot T op  C oty - Whole 
led on  P lant
L u a lu a le l 
K apaa 
Sand 
(no s o il )
0 ,2 9  0 .5 0  0 .6 9
0 .4 5  0 .2 8  0 ,9 0
0 .2 8  0 .51  0.71
A H alfa l /
1 .48  0 .25
1,63 0 .6 0
1 .50  0 .4 9
0 ,7 0  0 .3 9  1 .3 4
0 .3 7  0 .4 5  L  42
0 .6 5  0 .4 0  1 ,5 4
='ff.'D’43'
L u a lu a le i 
K apaa 
Sand 
(no s o il )
Snyhpan
1 .8 1  2 .81  1 2 ,1 9  16 ,81  3 ,4 0  7 .7 0
1 .4 9  1 .1 9  1 1 .5 5  1 4 .2 3  3 .2 3  4 .3 5
1 .4 5  1 .5 4  1 3 .4 4  1 6 .4 3  3 .11  3 .7 9
6 .5 9  1 7 .6 9  
7 .4 6  1 5 .0 4  
6 .1 5  1 3 ,0 5
n . Q5
i/ M ean o f r e p lica tio n sA lthough  plants w e re  thinned to u n iform  popu lation  soon  a fte r  
g e rm in a tion , the n u m ber o f  p lants p e r  pot v a r ie d  fr o m  98 to 112 
at h a rv e s t  t im e . T h e r e fo r e , y ie ld s  w e re  ad ju sted  to 100 plants 
p e r  pot
A n a ly s is  o f  V a ria n ce  on P h osp h oru s  Y ie ld
S ou rce  o f  V a ria n ce 7 days a fte r  seed in g 16 days a fte r  seed in g
d . f . m , s . d , f . xii«( 5«
R e p lica t io n s 2
A lfa lfa
0 .95 2 0 .4
T rea tm en t com b in a tion s (8) ----- (8)
P lan t P a rts 2 4 6 0 .3>!'* 2 6 1 .0 * *
M ed ia 2 5.95=!'* 2 9 ,8 * *
P lan t P a rt  x  M ed ia 4 5 5 ,5 * * 4 9 2 .1 **
E r r o r 16 0 .5 8 7 16 0 .2 2 5
T o ta l 26 26
R e p lica t io n s 2
S oybean
0 ,0 0 5 2 0, 01
T re a tm e n t com b in a tion s (8) (8) -------
P lan t P a rts 2 3 4 .2 2 * * 2 2 .7 6 * *
M edia 2 0 .195** 2 0 .5 5 * *
P lan t P a rt  x  M ed ia 4 0 .155** 4 0 ,4 6 * *
E r r o r 16 0 ,0 0 6 3 16 0 .0 1
T o ta l 26 26
It can  not n e c e s s a r i ly  be in fe r r e d , th e r e fo r e , that high ph osph oru s 
co n cen tra tion  in these se e d lin g s  in d ica tes  adequate ph osph oru s n u tri­
tion , It is  v e r y  p rob a b le  that p h osph oru s is  im m o b iliz e d  throughout 
the plant by  a lum inum  and p erh ap s by  ir o n  as w e ll .  F o x , De D atta and 
W ang (unpublished data) d em on stra ted  that young a lfa lfa  grow n  on un­
lim e d  K apaa s o i l  a ccu m u la ted  about 2800 ppm . a lum inu m .
The p h osph oru s y ie ld  o f  a lfa lfa  tops w as  h ig h est in the plants 
grow n  in L u a lu a le i s o i l ,  in term ed ia te  in sand and lo w e st  in  K apaa 
s o i l  16 days a fte r  planting (F ig u re  4 ). If the p h osph oru s y ie ld  o f  
p lants grow n  in sand re p re s e n ts  no uptake and the e x c e s s  o f  p h osph oru s 
in  L u a lu a le i s o i l -g r o w n  plants o v e r  plants grow n  in  sand re p re s e n ts  
p h osph oru s uptake, then the d e fic it  o f ph osph oru s in plants grow n  in 
K apaa s o i l  su g g e sts  p h osp h oru s lo s s  fr o m  tops and im m o b iliza t io n  of 
p h osp h oru s in  the r o o t s .  T h ese  d i f fe r e n c e s  in  ph osph oru s y ie ld  are  
s ta t is t ic a lly  s ig n ifica n t.
The soyb ea n  se e d lin g s  fo llo w e d  a d iffe re n t  tren d . P h osp h oru s  
y ie ld s  o f  top s  w e re  la r g e s t  in L u a lu a le i s o i l ,  in term ed ia te  in  sand 
and lo w e st  in K apaa s o i l  7 days a fte r  p lanting . S ixteen  days a fte r  
p lanting , p h osp h oru s y ie ld s  f r o m  K apaa s o i l  w e re  in term ed ia te ; sand 
ranked  lo w e st ; and L u a lu a le i s o i l  w as  aga in  h ig h est (F ig u re  4 ), The 
p h osp h oru s  y ie ld s  o f  soyb ea n  r o o t s ,  on the oth er hand, fo llo w e d  a 
s im ila r  tren d  as  those o f  a lfa lfa  p lan ts . The d iffe r e n c e  in  ph osph oru s 
y ie ld s  w e re  a ls o  s ta t is t ic a lly  s ig n ifica n t.
S eed  p h osp h oru s equ iva len t to the n u m ber o f  p lants h a rv e ste d  p e r  
pot o f  the a lfa lfa  and soybean  co m p a re d  c lo s e ly  w ith  the w hole  plant 
phosph oi'u s  y ie ld s  obta ined  fr o m  the p lants grow n  in sand.
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Figure 3, Comparative phosphorus concentration of roots, tops
and cotyledons of alfalfa and soybean seedlings, 7
days smd 16 days after direct seeding.
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Figure 4. Comparative phosphorus yields of roots, tops, and
cotyledons of alfalfa seedlings in relation to plant
growth m edia.
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Figure 5, Comparative phosphorus yields of roots, tops, and
cotyledons of soybean seedlings in relation to plant
growth media*
Soybean  10 1 7 .6 3  1 6 .4 3
One b ig  d iffe r e n c e  betw een  a lfa lfa  and soyb ea n  see d lin g s  w as that 
th e re  w as  no e v id en ce  o f  p h osph oru s Im m ob iliza tio n  in the ro o ts  o f  
so y b e a n s . P erh a p s  soyb ea n s  a re  le s s  sen s it iv e  to a lum inu m  to x ic ity  
s in ce  they have b een  grow n  in  a c id  s o i ls  w h ere  a lfa lfa  fa lls  to g ro w . 
R oot p a d -s o i l  con ta ct e x p e r ijn e n t. R e su lts  f r o m  plant y ie ld s  
f r o m  the 5 -d a y  ro o t  p a d -s o i l  con ta ct show ed  that the y ie ld  o f  r o o ts  
and tops o f  Sudan g r a s s  w as h ig h est in san d , in term ed ia te  in Lixalua- 
le i  s o i l ,  and lo w e st  in  K apaa s o i l  (T ab le  V I). P h osp h oru s  co n ce n tra ­
tion  and p h osph oru s y ie ld  in Sudan g r a s s  grow n  e n t ir e ly  in  sand w ere  
s ig n ifica n tly  h igh er than in  plants in  con ta ct w ith  K apaa s o i l  and lo w e r  
than in plants in  con ta ct w ith  the L u a lu a le i s o i l  (F ig u re s  6 and 7.)
The low  y ie ld  o f  p lants grow n  in con ta ct w ith  K apaa s o i l  a s  c o m ­
p a red  w ith  that in  con ta ct w ith  sand m a y  be exp la in ed  on the b a s is  o f  
p h osp h oru s  status o f  both  plant and m ed iu m . Upon s o i l  co n ta ct, 
p h osp h oru s  m a y  have m ov ed  fr o m  the ro o t  pad into the n ew ly  fo rm e d  
r o o ts  d eve lop in g  in  a h igh ly  phosphate -  d e fic ie n t  s o i l .  A ssu m in g  that 
the p h osp h oru s co n ce n tra tio n  p oten tia l o f  the ro o t  at th is  tim e w as 
g r e a te r  than the p h osp h oru s  con ce n tra tio n  p oten tia l o f  the m ed iu m , 
the ten d en cy  w ou ld  have b e e n  f o r  the r o o t  to lo s e  p h osph oru s into the 
e x te rn a l m ed iu m  in  o r d e r  to attain  e q u ilib r iu m . T h is  is  in a g reem en t 
w ith  the h y p oth es is  p ro p o s e d  by  D ean  and R ubins (1945) that the lo s s  
o f  p h osp h oru s f r o m  ro o ts  to the su rrou n d in g  c la y  w a ter  sy s te m  cou ld  
be exp la in ed  in te r m s  o f  e q u ilib r iu m .
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Plant No. of Seeds Seed Phospho- Plant Phosphorus Yield
Species Analyzed rua (m g .) In Sand (mg, /  pot)
AlfaHa 100 1.27 1 .5  0
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F ig u re  6. C om p arative  p lant y ie ld  and ph osph oru s y ie ld  o f 
Sudan g r a s s  and c o r n  se e d lin g s  a fte r  5 days o f 
r o o t  p a d -s o i l  con tact.
A p p a ren tly , phosphate fix a tion  by  the rootin g  m ed iu m  tended to sh ift 
th is eq u ilib r iu m  s o  that the lo s s  w ent on until the plants b e ca m e  
d e fic ie n t  in p h osp h oru s.
The con ce n tra tio n  o f  ph osph oru s in  Sudan g r a s s  ro o ts  w as low est 
in Kapaa s o i l  but h igh est fo r  c o rn . The low  con cen tra tion  o f  p h osph o­
ru s  in the ro o ts  o f  Sudan g r a s s  m a y  be a te m p o ra ry  one b e ca u se  o f  the 
s h o r t  r o o t - s o i l  con ta ct (F ig u re  VII).
The con ce n tra tio n  o f  p h osp h oru s in the tops o f  c o r n  see d lin g s  fo l ­
low ed  a trend  s im ila r  to that o f  Sudan g r a s s , w ith  L u a lu a le i s o i l  having 
the h ig h e s t , sand in term ed ia te  and K apaa s o i l  the lo w e st .
The p h osp h oru s y ie ld  o f c o rn , h o w e v e r , w as som ew h at d iffe re n t 
f r o m  that o f  Sudan g r a s s .  P lan ts  in  con ta ct w ith  sand gave the h igh est 
y leId ,r  L u a lu a le i s o i l  w as  in te rm e d ia te , and K apaa s o i l  rem a in ed  the 
lo w e s t . The p h osph oru s co n ce n tra tio n  in  r o o ts  o f  c o r n  se e d in g s  w as 
h igh est w hen in  con ta ct w ith  K apaa s o i l  (F ig u re  7 ), E x p re s s e d  in 
te r m s  o f  the w h ole  p lant, c o r n , lik e  Sudan g r a s s , lo s e s  a s ign ifica n t 
am ount o f  p h osp h oru s w hen  in  con ta ct w ith  Kapaa s o i l  co m p a re d  w ith  
the sam e p lants in  con ta ct w ith  sand (T a b le  V l).
The seed  p h osph oru s equ iva len t to the nu m ber o f  p lants h a rv e ste d  
p e r  pot o f  the Sudan g r a s s  p lants co m p a re d  w e ll  w ith  the w h ole  plant 
p h osp h oru s  y ie ld  obta ined  fr o m  Sudan g r a s s  plants in  con ta ct w ith  
sand . The low  p h osp h oru s  value obta ined  fr o m  c o r n  se e d s  m a y  be due 
to p o o r  r e c o v e r y  o f  the groun ded  g e rm  in the p r o c e s s  o f  grin d in g  the 
s e e d  sa m p le s .
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F ig u re  7 . C om p arative  p h osp h oru s co n cen tra tion  o f  Sudan g ra ss  
and c o r n  se e d lin g s  In re la t io n  to plant grow th  m e d ia  
a fte r  5 days o f  r o o t  p a d -s o i l  con ta ct.
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T able  V I. P lan t y ie ld , ph osph oru s y ie ld  and to ta l p h osph oru s o f  
Sudan g r a s s  and co rn  se ed lin g s  grow n  in sand f o r  3 
w eek s  and a llow ed  5 days ro o t  p a d -s o i l  con ta ct.J ;/
m a tter  y ie ld  P h o sp h oru s  Y ieId  P h osp h oru s  C on cen - 
(m g ,/p o t )  (m g ./p o t )  tra tion  (p p m ,) ,
R oot T op  W hole R oot T op  W hole R oot T op  W hole
S o il
S e r ie s
P lant
L u a lu a le i 382 436 818
K appa 385 379 764
Sand 401 445 846
_________________P lant_______
Sudan G ra ss  
0 .51  0 ,9 0  1 .4 1  1349
0 .3 4  0 .3 2  0 .6 6  896
0 ,3 7  0 .3 8  0 .7 5  932
^ 0 .0 5
________Plant
2060 1719 
859 864
859 882
L u a lu a le i 920 742 1662
K apaa 930 741 1671
Sand 1378 825 2203
C orn
2. 05 2 .8 3  4 .8 8  2227
2 .6 7  1 .8 2  4 .4 9  2873
2 .8 4  2 .4 9  5 .3 3  2063
= 1 .1 50. 05
3827 2940 
2451 2689 
3020 2423
_I/ M ean o f  3 r e p lica t io n s
2 /  T o ta l p h osp h oru s o f  w hole  plant (pp m , ) *
T ota l P  y ie ld  o f  r o o ts  and tops (m c g m ./p o t )
T ota l d ry  m a tte r  y ie ld  o^ r o o ts  and top s  ( g m ,/p o t )
A n a ly s is  o f  V a ria n ce  on P h osp h oru s  Y ie ld
S o u rce  o f  V a ria n ce
d . f .
Sudan G ra ss  
m . s, d. f .
C orn
m , s .
R e p lica t io n s  2
T rea tm en t C om bin ation s (5 ) 
P lan t P a rts  1
M ed ia  2
P la n t P a rts  x  M ed ia  2
E r r o r  10
T o ta l 17
0. 005
0 .0 7 2 9 * *  
0 .2 5 * *
0, 0741**
0. 0016
2
(5 )
1
2
2
10
17
0 .3 8 6 8
0. 0 8 6 8 M
0.2631(ns)
1, 0562*
0,1675
P lant N o. o f  S eeds Seed P h o sp h o - P lant P h osp h oru s  Y ie ld  
S p e c ie s  A n a lyzed  ru s  (m g .)  in Sand (m g . /p o t )
Sudan 25 0. 80 0. 75
G ra ss
C orn  5 3 .9 7  5. 33
U ndoubtedly, th is  ph osph oru s lo s s  w i l l  have‘ an a d v e rse  e f fe c t  on 
the grow th  and v ig o r  o f  the plant in the la te r  s ta g es  o f  d eve lop m en t.
E x p e r im e n t II. The uptake o f  a p p lied  fe r t i l i z e r  p h osp h oru s as in -  
flu en ced  b y  t im e , r a te s , m eth od s o f  a p p lica tion  and phosphate 
fix a tion  in s o i ls .
The su sce p tib ility  o f  plant p h osph oru s to lo s s  f r o m , o r  inpm obi- 
liza t io n  in, r o o ts  o f  s e e d lin g s  grow in g  in K apaa s o i l  w as d em on stra ted  
in E x p e r im e n t I. The data fu rth er  in d ica ted  that high  co n cen tra tion s  
o f  p h osp h oru s a re  re q u ire d  in the t is s u e s  o f  s e e d lin g s  fo r  optim um  
grow th . S ince p h osp h oru s n u trition  is  so  im p ortan t in  the v e r y  e a r ly  
s ta g e s  o f  see d lin g  d eve lop m en t, a study o f  the fa c to r s  influenc^.ng 
e f f ic ie n c y  o f  f e r t i l iz e r  uptake during th is p e r io d  o f  grow th  b e cp m e s  o f 
c o n s id e ra b le  va lu e . T h e r e fo r e , E x p e r im e n t II w as  undertake^ 
stu dy so m e  fa c to r s  w h ich  m igh t in flu en ce  f e r t i l iz e r  p h osph oru s uptake 
b y  c o r n  se e d lin g s  during the f i r s t  th ree  w e e k s  o f  grow th . The fa c to r s  
v a r ie d  w e re :
(a ) p la cem en t o f  f e r t i l iz e r  p h osp h oru s  in  the s o i l  (band v s .  m ix e d )
(b) rate o f  p h osp h oru s  a p p lica tion  (25 ppm , and 300 p p m .)
(c )  nature o f the s o i l  (L u a lu a le i s o i l ,  low  p h osp h oru s  fix a tion  v s . 
K apaa s o i l ,  h igh  p h osp h oru s fix a tio n ), and
(d) tim e o f  s e e d lin g  grow th  (1 w eek , 2 w e e k s  and 3 w e e k s ).
The p h osph oru s u sed  w as tagged  w ith  p h o s p h o ru s -32 so  that
plant p h osp h oru s cou ld  be re c o g n iz e d  as having f e r t i l i z e r  o r ig in  o r
32
s e e d - s o i l  o r ig in .
The top s  o f  the c o r n  see d lin g s  w e re  h a rv e ste d  1, 2, 3 w eek s  a fte r  
p lanting . P lant y ie ld s  and plant ph osph oru s w e re  d e term in ed . The 
data obtained  a re  g iven  in  T a b le s  VII and VIII.
Y ie ld  and P h osp h oru s  C o n ce n tra tio n .
E x tern a l ph osph oru s supply  had v e r y  little  in flu en ce  on  the grow th  
o f  c o r n  se e d lin g s  during its  v e r y  e a r ly  stage o f  grow th . The sead> co n ­
ta ined  m u ch  p h osph oru s and in d ica tion s  w e re  that the y ie ld  o f  one w eek  
old  see d lin g s  v a r ie d  litt le  as a re su lt  o f  f e r t i l iz e r  a p p lica tion s  o r  s o i l  
e f fe c t .  H ow ev er, it is  in terestin g  to note a litt le  tren d  w h ich  in d ica ted  
that fo r  optim um  grow th , one w eek  old  c o r n  see d lin g s  should  contain  
about 9000 ppm , p h osph oru s in  the le a v e s  -  a v e r y  high  con cen tra tion  
by  any stan d ard . A  co m p a r is o n  o f  s e e d lin g  y ie ld s  w ith  plant p h osph o­
ru s  is  show n in F ig u re  8. It is  in te re stin g  to note that p e r  unit o f  
p lant p h osp h oru s, seed lin g  y ie ld s  w e re  g e n e ra lly  lo w e r  in  K apaa s o il .  
T h is  m a y  have been  a s p e c i f ic  e f fe c t  o f a lum inum  su ch  as the e f fe c t  o f  
a lum inu m  in  ro o t  d eve lop m en t.
W ith  In cre a s in g  see d lin g  a g e , s o i l  and f e r t i l iz e r  e f fe c ts  b eca m e  
m o r e  ev id en t in  se e d lin g  y ie ld  and c o m p o s it io n . At tw o w e e k s  o f  age , 
m a x im u m  grow th  w as obta ined  by  plants w h ich  con ta ined  about 7000 
p p m . p h osp h oru s . The data p lotted  in  F ig u re  8 in d ica ted  that plant 
y ie ld  d e c re a s e d  w hen p h osph oru s co n ce n tra tio n  in  the plant b e ca m e  
e x c e s s iv e .  Tw o trea tm en ts  w e re  a s s o c ia te d  w ith  high  o r  e x c e s s  
plant p h osph oru s: 300 ppm . p h osph oru s m ix e d  o r  banded in the L u a­
lu a le i s o i l .  H igh p ercen ta g e  p h osph oru s in the plant w as  re la ted  to low  
p h osp h oru s fix a tion  in L u a lu a le i s o i l }  and, o f  c o u r s e , the gen erou s  
rate o f p h osph oru s app lied  to the s o il .
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F ig u re  8. In fluen ce o f  plant p h osph oru s on the d ry  m a tter  y ie ld  
o f  c o r n  see d lin g s  at 1 w eek , 2 w eek s  and 3 w eek s o f  
grow th .
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F ig u re  9. In fluen ce o f  t im e , ra te s , m eth od s o f phosph oru s
ap p lica tion  and phosphate fixa tion  on the d ry  m a tter  
y ie ld s  o f  c o r n  se ed lin g s  grow n  in L u a lu a le i and 
K apaa s o i l s .
P lant y ie ld s  p lotted  aga in st plant p h osph oru s in  3 -w e e k  o ld  co rn  
se e d lin g  gave tren d s  w h ich  co r re s p o n d e d  w ith  the pattern  c le a r ly  
ev id en t at two w e e k s . H ow ev er , the data p lotted  in F ig u re  8 in d ica ted  
that at th is advanced  a g e , op tim u m  p h osph oru s co n cen tra tion  in the 
le a v e s  w as about 4000 ppm . p h osp h oru s.
S ince e x c e s s  p h osph oru s uptake by  the co rn  see d lin g s  w as  e v i­
dent in som e  in s ta n ce s , it w ou ld  not be w ise  to in te rp re t  the e f f ic ie n c y
-1
o f  f e r t i l iz e r  p la cem en t on the b a sts  o f  plant y ie ld . P h osp h oru s  up­
tak e , e ith e r  as  to ta l p h osph oru s o r  p h osph oru s d e r iv e d  fr o m  the fe r t i ­
l i z e r ,  w i l l  be a  m u ch  m o r e  m ean in g fu l c r ite r io n .
T ota l P lant P h osp h oru s  and P h osp h oru s  Y ie ld .
T ota l p h osph oru s co n cen tra tion  in the c o r n  see d lin g s  d e c re a s e d  
fr o m  the f i r s t  w eek  to the th ird  w eek  o f  g row th , r e g a r d le s s  o f  rate 
and m ethod  o f  ph osph oru s a p p lica tion  o r  s o i l  (F ig u re  10). T h is  d e ­
c r e a s e  in p h osp h oru s co n cen tra tion  w ith  tim e m a y  be m a in ly  a 
d ilu tion  e f fe c t  as a re su lt  o f grow th .
T ota l p h osph oru s y ie ld  in c o r n  see d lin g s  grow n  in L u a lu a le l and 
K apaa s o i ls  w as  exa m in ed  s ta t is t ic a lly . A h igh ly  s ig n ifica n t in te r ­
a c t io n  am ong the fa c to r s  o f  tim e o f  grow th , m eth od  o f  a p p lica tion  and 
rate o f  ph osph oru s a p p lica tion  is  in d ica ted  (T a b le s  VII and VIII), In 
g e n e ra l, throughout the f i r s t  and secon d  w eek  o f  grow th , the 300 ppm . 
fe r t i l iz e r  p h osph oru s m ix e d  w ith  the L u a lu a le l s o i l  gave a h ig h er  p h os­
ph oru s y ie ld  than the band a p p lica tion  (F ig u re  11). H ow ev er , a fte r  the 
th ird  w eek  o f  grow th , p h osph oru s y ie ld  w as h ig h er  w hen fe r t i l iz e r  
p h o sp h o ru s_(300 p p m .) w as  m ix ed  w ith  L u a lu a le l s o i l  than w hen the 
sam e am ount w as  band ap p lied . T h is  in d ica ted  tha,t in sp ite  o f  roo t 
d eve lop m en t at the th ird  w eek  o f  grow th , a c t iv ity  o f  a b so rp tio n  did  not
36
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F ig u re  10. In fluen ce o f  t im e , ra te s , m ethods^of ph osph oru s 
a p p lica tion  and p h osph oru s fixa tion  on the tota l 
ph osph oru s con cen tra tion  o f  c o r n  se ed lin g s  grow n 
in L u a lu a le i and Kapaa s o i ls .
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T able  VII. P lan t y ie ld , ph osph oru s con cen tra tion  and phosph oru s 
y ie ld  o f c o rn  se ed lin g s  as a ffe c te d  b y  t im e , ra te s , 
m eth od s o f  p h osph oru s a p p lica tion  and phosphate 
fix a tion  in L u a lu a le i s o i l
P  P
Rate P la c e -  
(ppm .) m ent
Y ie ld  T ota l Y ie ld s  
(m g . /  P (m g . /  
pot) (p p m .) pot)
 P V ie ld  P P “
F rom  F rom  F rom  F rom
F e r t .  F e r t .  F e r t .  Seed,
(p p m .) ( m g . /  (% o f & S o il
___________ pot) to ta l) (ppm .)
0
25
300
Band
M ixed
Band
M ixed
374
393
340
385
356
7109 
8006 
7700 
921 4 
9969
1 W eek  O ld 
27^5
3 .1 4  83
2. 67 57
3. 36 503
3. 56 676
0. 033>  ^
0. 019
1. 04 
0. 73
0 .1 9 3  5 .4 5
0 .2 4 0  6 .7 4
7109
7923
7643
8711
9293
0
25
300
Band
M ixed
Band
M ixed
733
584
775
790
823
3218
4833
3800
8902
10405
2 W eek s O ld 
2 .3 3  -------
2. 82 
2 .9 4  
7. 03 
8 .5 6
110
54
1 1 2 1
1519
0. 065< 2 .2 8
0. 042 1. 39
0. 885 ''^^12.59
1. 250 1 4 . 60
3218
4723
3746
7781
8886
0
25
300
Band
886
806
M ixed  1032 
Band 1706 
M ixed  1289
3 W eek s O ld
2086 1 .8 5  -------
2847 2 .2 9  121
2623 2. 70 1 01
3989 6. 80 1 012
8020 1 0 .3 4  1074
0. 097 < 4 .2 6
0 .1 0 6  3. 87
1 .7 2 5  *^25.38
1. 384 13. 39
2086
2726
2522
2977
6946
°  0. 05~^*
11 = 0 .1 0 = 10. 39
A n a ly s is  o f  V a ria n ce
P D e r iv e d P  D e r iv e d  F r o m
S ou rce  o f T ota l P  Y ie ld F r o m  F e r t . F e r t . (% o f  total)
V a ria n ce d . f . m . s . d . f . m . s . d . f .> m . s .
R e p lica tio n s 2 0. 25 0 2 0.15 08 2 0.105
T rea tm en t
C om bin ation s (17) (11) (11)
T im e  (T ) 2 10.35^^ 2 152. 89** 2 2 0 3 .5 4 * *
M eth ods (M ) 1 4 .7 5 * * 1 4 . 55(ns) 1 26.39(ns)
R a tes  (R ) 2 1 0 1 .3 9 * * 1 7 0 6 .4 9 * * 1 1 0 4 2 .4 3 * *
T X M 2 2 .2 3 * * 2 8 .5 4 * * 2 4 5 . 05*
T X R 4 1 8 .2 0 * * 2 1 2 .3 1 ** 2 7 8 .9 5 * *
M X  R 2 4 .5 7 * * 1 0 .2 3 ^ s ) 1 1 2 .7 0 ^ s )
T X  M X R 4 1. 16** 2 1 0. 24** 2 4 8 .2 8 *
E r r o r 34 0 .1 3 9 22 0 .1 1 4 22 1 2 .2 9
T ota l 53 35 35
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T a b le  VIII» P lan t y ie ld , p h osph oru s co n cen tra tion  and ph osph oru s 
y ie ld  o f c o rn  seed lin g s  as a ffe c te d  by  t im e , ra te s , 
m eth od s o f  ph osph oru s a p p lica tion  and phosphate 
fix a tio n  in  Kapaa s o il
p
Rate
(ppm .)
P
P la c e ­
m en t
Y ie ld
( m g . /
pot)
T ota l
P
Y ie ld
■ ■ p -
Y ie ld s
(m g . /
pot)
P
F ro m  
F e r t .  
(p p m .)
P  YieTd 
F rom  
F e r t  
(m g . /  
pot)
P
F rom
F e r t ,
(% o f
total)
P
F rom
See4_ 
& S o il 
(ppm .)
0 300
1 W eek  O ld 
6818 2. 04 6813
25 Band 333 6752 2 .2 5 6 0. 002 0. 08 6746M ixed 339 6748 2 .2 9 3 0. 001 0. 04 6745
300 Band 357 7841 2 .7 9 146 0. 053 1 . 86 7695M ixed 322 7764 2 .5 0 93 0. 030 1 .2 0 7671
0 635
2 W eek s Old 
3173 1 .91 3173
25 Band 676 3502 2. 37 16 0. O il 0 .4 5 3486M ixed 624 3295 2. 06 7 0. 005 0. 22 3288
300 Band 988 6825 6 .7 4 616 0. 609 9 .0 3 6209M ixed 688 4532 3 .2 7 176 0.122 3 .8 9 4356
0 673
3
1544
W eek s Old 
1 .0 4 1 544
25 Band 718 1902 1.36 11 0. 008 0 .5 9 1891M ixed 581 1660 0 .9 6 7 0. 005 0 .4 4 1653
300 Band 1372 5053 6 .9 3 430 0 .5 8 9 8 .5 0 4623M ixed 1 009 2663 2 .5 8 179 0 ,1 7 9 6 .9 8
V
2484
^ 0 . 05 = 0 .7 2 = 0. 074 = 1 .3 3 9
A n a ly s is  o f  V a ria n ce
P D erived P D erived  F ro m
S ou rce  o f T o ta l P  Y ie ld F r o m  Fert, F e r t .  (% o f  to ta l)
V a ria n ce d . f . m , s . d . f. m . s . d * f, m . s .
R e p lica tio n s 2 0. 005 2 0. 006 2 0. 05
T rea tm en t
C om bin ation s (17) (11) (11)
T im e  (T ) 2 3 .13** 2 1 1 .5 4 ** 2 36. 89**
M ethods (M ) 1 1 2 .7 4 * * 1 2 1 ,5 9 * * 1 1 5 .0 5 * *
R a tes  (R ) 2 3 3 .2 6 * * 1 60.11** 1 2 1 9 .5 3 * *
T X M 2 2 .8 5 * * 2 4 .7 6 * * 2 4 .5 6 * *
T x  R 4 2 .0 1 ** 2 1 0 .7 8 * * 2 28, 05**
M X R 2 6 1 0 .1 9 * * 1 0. 64** 1 1 1 ,9 1 * *
T X M X R 4 5 .5 7 * * 2 1 4 .5 7 * * 2 3 ,9 4 * *
E r r o r 34 0. 058 22 0. 062 22 0 .2 0 3
T o ta l 53 35 35
sh ift aw ay fr o m  the co n cen tra ted  band la y e r  o f  p h osp h oru s supply .
The c o r n  se e d lin g s  took  up m o r e  ph osph oru s than what w as a ctu a lly  
n eed ed . F ix a tion  o f  the fe r t i l iz e r  p h osph oru s m ix e d  w ith  s o i l  cou ld  
a ls o  be a fa c to r .
Band app lied  p h osp h oru s in  K apaa s o i l  gave h igh er to ta l phosph o­
ru s  y ie ld  than did  fertilize i^  m ix e d  w ith  the s o i l  (F ig u re  11). T h is  w as 
f o r  the th ree  p e r io d  o f  grow th  and both  the 25 and 300 ppm . ra tes  of 
a p p lica tion . K apaa s o i l  has a v e r y  high p h osph oru s fix in g  ca p a c ity , 
as  w as  d em on stra ted  by  la b o ra to ry  s tu d ies . It is  p rob a b le  that m o re  
o f  the band app lied  ph osph oru s rem ain ed  so lu b le  thus in a m o r e  a v a il­
ab le  fo r m  than w hen fe r t i l iz e r  w as d ilu ted  b y  m ix in g  w ith  s o i l .
P e rce n ta g e  o f  P h osp h oru s  D e riv e d  fr o m  F e r t i l iz e r .
P e rce n ta g e  o f  p h osp h oru s fe r t i l iz e r  o f  c o r n  se e d lin g s  a fte r  three 
w e e k s  o f  grow th  w as h igh er w hen the fe r t i l iz e r  p h osph oru s w as band 
a p p lied  to L u a lu a le i s o i l .  W hen 300 ppm . o f  p h osp h oru s w as m ix e d  
w ith  the s o i l ,  ph osph oru s r e c o v e r y  by  the plant as m e a su re d  at the end 
o f  1 w eek  and a fte r  2 w eek s  w as h igh er than w hen the fe r t i l i z e r  p h os­
p h oru s w as band a p p lied . W hen the se e d lin g s  w e re  sa m p led  at the 
end o f  th ree  w e e k s , a r e v e r s e  re la tio n sh ip  w a s  obtained ; i . e . ,  band 
a p p lied  f e r t i l i z e r  m o r e  e f fe c t iv e ly  su p p lied  ph osph oru s than did fe r t i ­
l iz e r  m ix e d  w ith  the s o i l  (F ig u re  12). A  p o s s ib le  exp lan ation  fo r  these 
data fo llo w s :
A  high co n ce n tra tio n  o f  f e r t i l iz e r  ph osph oru s in the band cre a te d  a 
"su perabu n d an t”  con d ition  w ith  r e s p e c t  to ph osph oru s uptake b y  the 
r o o t . In o th er  w o r d s , the ro o tin g  m ed iu m  in it ia lly  su p plied  ph osph o­
ru s  g re a t ly  in  e x c e s s  o f  w hat the plant ro o t  cou ld  take up e f fe c t iv e ly .
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F ig u re  11. In fluen ce o f  t im e , ra te s , m eth od s o f ph osph oru s 
ap p lica tion  and phosphate fixa tion  on the tota l 
ph osph oru s y ie ld  o f  c o r n  se ed lin g s  grow n  in L u a lu a le i 
and K apaa s o i ls .
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AGE OF PLANTS (W EEKS)
F ig u re  12. In fluen ce o f  t im e , r a te s , m eth od s o f  p h osph oru s
a p p lica tion  and phosphate fix a tion  on the fe r t i l iz e r  
ph osph oru s uptake o f  c o r n  se e d lin g s  grow n  in 
L u a lu a le i and K apaa s o i ls .
P h osp h oru s  uptake p e r  unit r o o t  p e r  unit p h osph oru s w as low . T h is  
con d ition  d id  not e x is t  o r  at le a s t  w as le s s  c r i t ic a l  during the sam e 
tim e o f grow th  w hen  the f e r t i l i z e r  ph osph oru s (300 ppm . ) w as m ix ed  
w ith  s o i l .  B y m ix in g  the fe r t i l i z e r  w ith  the s o i l ,  r o o t - fe r t i l iz e d  
s o i l  con ta ct w a s  g re a te r  than w hen fe r t i l iz e r  w as band a p p lied , and 
p h osp h oru s  co n ce n tra tio n  w as red u ced  to a point o f  g r e a te r  e f f ic ie n c y  
o f  uptake p e r  unit p h osp h oru s . The net e f fe c t  w as in c r e a s e d  p h osph o­
ru s  uptake by  the p lant, in d ica tin g  that in s o i ls  o f  low  phosphate 
f ix in g  ca p a c ity , b e n e fit  f r o m  ex ten sive  r o o t - fe r t i l iz e d  s o i l  con ta ct m a y  
o v e r - r id e  p h osp h oru s  fix a tion .
The s u p e r io r ity  o f  band a p p lica tion  o v e r  that o f  m ix in g  in  L ualua­
le i  s o i l  a fte r  the th ird  w eek  o f  grow th  su gg ested  that the vo lu m e o f  
the s o i l  in  the fe r t i l iz e d  band In cre a s e d  as  a  re su lt  o f  m ovem en t o f  
e x c e s s  p h osp h oru s  fr o m  the "su perabu n d an t" z o n e . The data su g ­
g e s te d  fu rth er  that f o r  s o i l  o f  low  phosphate fix in g  ca p a c ity , a  la r g e r  
vo lu m e o f  fe r t i l iz e d  s o i l  f o r  r o o t  e x p lo ra t io n  w as fo r m e d  by  the m o v e ­
m en t o f e x c e s s  p h osp h oru s . It shou ld  be  n oted , h o w e v e r , that the kind 
o f  c r o p  and its  r o o t  d istr ib u tion  pattern  a r e  Im portant in  d eterm in in g  
the e f f ic ie n c y  o f  a  p a r t icu la r  fe r t i l i z e r  p la ce m e n t pattern . The stu­
d ie s  r e p o r te d  b y  H all (1951) in d ica ted  that c o r n  a b s o r b s  h e a v ily  f r o m  
the top  3 -  inch  la y e r  o f  the s o i l  during the f ir s t  few  w e e k s ; and 
N e lso n  e t  a l. (1949) re p o r te d  a rap id  d e c lin e  in  the uptake o f  c o r n  
a fte r  the fou rth  w eek  o f  grow th .
In K apaa s o i l  w h ere  phosphorus im m o b iliz a t io n  is  e s s e n t ia lly  
co m p le te , f e r t i l i z e r  p h osp h oru s  p la ce m e n t by  band a p p lica tion  
w as  co n s is te n tly  s u p e r io r  to m ix in g  fo r  see d lin g  d eve lop m en t 
r e g a r d le s s  of the am ount o f  f e r t i l i z e r  ap p lied  du rin g  the sh o rt
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F ig u re  13. Im m o b iliza tio n  o f  p h osp h oru s b y  2 H aw aiian s o i ls  
(Y a pten co  et a l . ,  1963)
p e r io d  o f  tim e th ese  p lants g rew  (F ig u re  12), In stu d ies  r e p o r te d  by 
Y ap ten co  et a l. (1963), it  w a s  es tim a te d  that in  K apaa s o i l ,  on ly  7% 
o f  the added 500 ppm , phosphate rem a in ed  in so lu tion  a fte r  12 days 
o f  s o il-p h o sp h a te  so lu tion  con tact (F ig u re  13),
The g e n e ra l d e c re a s e  o f seed  and s o i l  p h osph oru s co n cen tra tion  in 
c o r n  se e d lin g s  fr o m  the f i r s t  w eek  to the th ird  w eek  o f  grow th  is  
show n in  F ig u re  14, T h ese  re su lts  in d ica ted  a d ilu tion  e f fe c t  as a 
re su lt  o f grow th .
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F ig u re  14. In fluen ce o f  t im e , r a te s , m eth od s o f  p h osph oru s 
a p p lica tion  and phosphate fix a tion  on the seed  and 
s o i l  p h osph oru s con ce n tra tio n  o f  c o r n  se e d lin g s  
grow n  in L u a lu a le i and Kapaa s o i l s .
SU M M ARY AND CONCLUSIONS
The in flu en ce  o f  p h osp h oru s  fixa tion  by  s o i l s  on the p h osph oru s 
n u trition  o f  v a r io u s  se e d lin g s  w as  stu d ied . Tw o H aw aiian s u r fa ce  
s o i l s .  D ark  M agn esiu m  C lay  (L u a lu a le i s e r ie s )  and A lu m in ou s F e r r u ­
g in ous L a to s o l (Kapaa s e r ie s )  w e re  u sed .
Tw o tech n iq u es , d ir e c t  seed in g  and r o o t  p a d -s o i l  con ta ct, w e re  
e m p lo y e d  to in vestiga te  p o s s ib le  lo s s e s  o f  ph osph oru s f r o m  seed lin g  
r o o ts  in  re la tio n  to phosphate fix a tion  by  the two s o i l s .  A lfa lfa , s o y ­
bean , Sudan g r a s s  and c o r n  w e re  u sed  a s  e x p e r im e n ta l plants*
'‘ The in flu en ce  o f  tim e o f  grow th , m eth od  o f  f e r t i l i z e r  ph osph oru s 
a p p lica tio n , and rate o f p h osp h oru s  a p p lica tio n  on  the e f f ic ie n c y  o f  
f e r t i l i z e r  p h osp h oru s  uptake b y  c o r n  se e d lin g s  in  L u a lu a le i and K apaa 
s o i ls  w e re  d e te rm in e d , P h o sp h o ru s -3 2  w as u sed  to id en tify  the plant 
p h osp h oru s  o f  f e r t i l i z e r  o r ig in .
E *0 m  a  stu dy o f  the data ob ta in e d  in  th is  in v e stig a tio n , the fo llo w ­
ing co n c lu s io n s  s e e m  Justified :
L  The e x p e r im e n ta l p lants (a lfa lfa , soy b e a n , Sudan g r a s s  and 
c o r n )  v a r ie d  in  th e ir  r e sp o n s e  to p h osp h oru s  f ix a tio n  in  L u a lu a le i and 
K apaa s o i l s .
2 , The im m o b iliz a t io n  o f  p h osp h oru s in  the r o o ts  o f  a lfa lfa  and 
Sudan g r a s s  se e d lin g s  w a s  a s s o c ia te d  w ith  the a lum inum  a n d /o r  ir o n  
sta tu s  o f  the ro o tin g  m ed iu m ,
3. S eed ling  ro o ts  a ccu m u la ted  s e e d  p h osp h oru s  at the exp en se  o fth e  
ph osph oru s in the tops. The p h osp h oru s lo s s  f r o m  top s  and the im m o b i­
liza t io n  o f  p h osp h oru s in  the ro o ts  a d v e r s e ly  a ffe c te d  grow th .
47
4 . F o r  m ax im u m  grow th , c o r n  se e d lin g s  should  have a p p ro x i­
m a te ly  9000 ppm . p h osp h oru s in the d ry  m a tter  at 1 w eek , 7000 
ppm . at 2 w eek s  and 4000 ppm . a fte r  3 w eek s  o f grow th .
5. F o r  supplying p h osp h oru s to c o rn  up to 3 w eek s  o f  grow th , 
the band a p p lica tion  m ethod  w as d e fin ite ly  m o re  e ffe c t iv e  in s o ils  
w ith  a p h osp h oru s f ix a t io n  p r o b le m . H ow ev er, in  s o ils  w h ere  p h o s ­
phate f ix a tio n  is  not a p ro b le m , m ix in g  the f e r t i l iz e r  w ith  the s o i l  
w as m o r e  e f fe c t iv e . T h is  is  not to say  that th is w ill  p ro v e  to be 
the m o s t  e ffe c t iv e  w ay o f  fe r t i l iz in g  co rn  fo r  m o r e  extended  p e r io d  
o f  grow th .
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